Little is known about HIV retesting uptake among key Background: populations (KP) and general populations (GP) in Kenya. We assessed trends and predictors of new HIV diagnosis, first-time testing (FTT), and late retesting (previous test more than one year ago for GP or three months for KP).
Introduction
Kenya has the fifth-largest human immunodeficiency virus (HIV) epidemic in the world 1 , with 1.5 million adults living with HIV in 2017 2 . Data from sentinel surveillance and national population-based surveys indicate that national HIV prevalence peaked at 10-11% in the mid-1990s and declined to about 6% in 2006 1, 3, 4 . Prevalence has remained relatively stable at that level for several years with a modest decline observed from 2010 to 2017 2 . In 2017, national prevalence was estimated at 4.9%, higher in women (5.2%) than men (4.5%) 2 . The epidemic is geographically diverse, with prevalence ranging from 21% in Siaya county in the west to 0.1% in Wajir county in the north-east 2 . There were approximately 52,800 new infections in 2017, with more than a third occurring among young women 15-24 years 2,5 . Key populations, including men who have sex with men (MSM) and female sex workers (FSW) remain disproportionately affected by HIV. In 2017, prevalence was estimated at 18% among MSM and 29% among FSW 5 . County-level prevalence estimates for key populations are not available.
The proportion of Kenyan adults 15-64 years who have ever tested for HIV increased from 37% in 2007 to 70% in 2012 4,6 , and to 80% in 2014 7 . This tremendous increase in testing coverage is the result of an expanded testing program, including voluntary counselling and testing (VCT), routine (opt-out) provider-initiated testing in health facilities, routine testing in prevention of mother-to-child transmission programs, home-based (door-to-door) testing, mobile testing, and annual testing campaigns. However, knowledge of HIV status remains low. In 2017, it was estimated that only 62% of people living with HIV knew their status 5 . This falls short of the UNAIDS target of 90% and plays a major role in ongoing transmission 8 . It is estimated that 54-90% of new transmission events arise from persons with undiagnosed infection [9] [10] [11] [12] .
Low knowledge of HIV status may be attributable in large part to infrequent testing. Current national HIV testing guidelines recommend retesting quarterly for key populations (KP) and annually for the general population (GP) 13 . In 2012, a population survey estimated national retesting uptake at 55% among all adults 15-64 years 6 . A more up-to-date estimate is not available, but a repeat survey was underway in 2018. Little is known about retesting uptake at the sub-national level or the factors that predict adherence to recommended retesting frequency. To address such information gaps, data collected at VCT centres can supplement population-based surveys 14, 15 , if regularly and rigorously analysed. Currently, test data collected at various testing facilities are reported to county and national headquarters only in summary form, combining VCT and other testing points, and not disaggregated by risk groups.
Kilifi county, one of the six counties in the coastal region of Kenya, is among the poorest counties in Kenya 16 , with low literacy levels and high rates of school dropout affecting both girls and boys 17, 18 . In 2017, 30,597 adults were living with HIV in the county, for an estimated HIV prevalence of 3.8% 2 . In the same year, the county experienced 1,380 new infections, with a third occurring among adolescents and young people in the age-group 15-24 years 2 . In the present study, we used routine data collected over a period of 12 years at three VCT centres, located in three neighbouring towns in Kilifi county, to assess trends in HIV positivity (proportion of test encounters where a new diagnosis was made), prevalence of first-time testing (never tested before), and late retesting (previous test more than one year ago for GP or three months for KP). These outcomes can act as proxies for population HIV prevalence and retesting coverage; information on their distribution in different sub-groups can support targeting of HIV prevention efforts.
Methods

Study setting and population
Data were collected at three VCT centres operated by the Kenya Medical Research Institute (KEMRI)-Wellcome Trust Research Programme (KWTRP) in Kilifi county (Figure 1 , population 1.4 million 19 ). The three centres followed the serial testing strategy recommended in national guidelines 13, 20 . The centres served clients seeking testing out of their own initiative (walk-in clients) and clients mobilized during periodic campaigns by KWTRP outreach workers (mobilized clients). before, and date of previous test. Starting in 2010, data were collected on self-reported HIV risk behaviour in the past six months, including: gender of sex partners, receipt of payment for sex, and current symptoms of sexually transmitted infections (STI). STI symptoms included: for men, urethral discharge and dysuria; for women, excessive or foul-smelling vaginal discharge; and for both men and women, genital sores and history of rectal discharge for those who reported anal sex. 
Sample selection
Data analysis
Based on sex, gender of sex partners, and report of transactional sex (collected since 2010), we categorized clients into four risk groups: GP men, MSM, GP women, and FSW. As sexual behaviour data was not collected before 2010, test encounters from that period (all Kilifi-based) were categorized as GP.
The three main outcomes were HIV positivity (proportion of test encounters where a new HIV diagnosis was made), prevalence of first-time testing (FTT), and prevalence of late retesting (previous test more than one year ago for GP or three months for KP). One year was defined as 365 calendar days, and three months as 90 days. We assessed change in outcomes over calendar year using locally weighted regression (25, Stata package "lowess"), and the chi-square test for trend in proportions ("ptrend").
Using multivariable log binominal regression ("binreg") and data from the period when information on sexual behaviour was complete (2012-2017, n=19,298) , we assessed factors associated with the three outcomes. Given the difference in definitions of late retesting, we fit separate GP and KP models for this outcome. Variables with p<0.10 from bivariable analyses were included in the multivariable model. Factors with p<0.05 in the multivariable model were considered to be statistically significant. For the FTT model, we assessed interactions between study area and risk group.
Ethical statement
This was a public health surveillance study, in collaboration with the Kilifi County Health Department. KEMRI manages research clinics focussing on HIV and STI and collects data as part of its HIV testing services, including for research purposes; participants are routinely made aware of this verbally. Ethical approval was not sought as only de-identified data was used for this analysis.
Results
Characteristics of testing encounters
Of 25,670 tests conducted in the period 2006-2017, 50% were conducted in Mtwapa, 34% in Kilifi, and 16% in Malindi (Table 1) . Overall, 56% of encounters were among men, 68% among never-married individuals, 73% among Christians, and 40% among those with primary or no education; 91% were among GP and 9% among KP; 32% were FTT encounters and 19% were late retesting encounters (previous test more than a year ago).
Time trends in prevalence of first-time testing
For GP, we observed a statistically significant decline in overall FTT prevalence (proportion of encounters where the client was testing for the first time) among men, women, and women 18-24 years ( Figure 2 ). Slopes were similar for all three sub-groups. For KP, FTT prevalence declined overall and among FSW, but no significant change was observed in MSM.
For the final year assessed (2017), overall FTT prevalence in GP was 14%: 16% in men, 13% in women, and 19% in women 18-24 years. Overall FTT prevalence in KP was 28%; 41% in MSM and 8% in FSWs.
Time trends in prevalence of late retesting
We observed significant declines in the overall prevalence of late retesting for both GP (previous test more than one year ago) and KP (previous test more than three months ago) ( Figure 3 ). However, throughout the period assessed, late retesting among the KP remained much higher than in GP. The percentage-point changes were similar for all sub-groups assessed.
For the final year assessed (2017), overall late-retesting prevalence in GP was 28%; 29% in men, 28% in women, and 25% in women 18-24 years. Overall late retesting prevalence in KP was 83%; 81% in MSM and 85% in FSW.
Time trends in HIV positivity
For GP, there was a significant decline in overall HIV positivity at encounters with both men and women, as well as with the sub-group of those testing for the first time, but not among late and on-time re-testers ( Figure 4 ).
For encounters among MSM, positivity was unchanging overall, as well as for all sub-groups assessed ( Figure 5 ). For encounters among FSW, there was a significant increase in overall positivity, as well as for first-time testers (large increase at +6.2 percentage points per year), but not among on-time re-testers. Late re-testers showed an increase, but this was not statistically significant.
For the final year assessed (2017), overall positivity in GP encounters was 2.4%; 1.2% in men, 3.8% in women, and 2.7% in women 18-24 years. Overall positivity in KP encounters was 7.6%; 6.0% for MSM and 10.1% for FSW.
Factors associated with first-time testing As presented in Table 2 , factors associated with increased probability of FTT included: test location (Kilifi and Malindi), age 18-24 years, never-married status, lower educational attainment, and earlier testing period. Compared to GP women encounters, MSM and GP men encounters were more likely to be FTT, while FSW encounters were less likely. First-time testers were less likely to have current STI symptoms. Religion was not associated with FTT. No interactions between study area and risk group were identified (data not shown).
Factors associated with late retesting
The GP model is presented in Table 3 , and the KP model in Extended data: Supplementary Table 2 . The KP model did not identify any predictors of late retesting.
In the GP model, encounters less likely to be late retesting were among never-married clients, clients professing Muslim or no religious affiliation, those with secondary education, and those with current STI symptoms. Compared to Mtwapa, Kilifi was more likely to serve late re-testers, while Malindi had a borderline higher likelihood. Table 4 presents factors associated with new HIV diagnosis. Encounters where a new diagnosis was more likely to be made were among: Malindi clients, clients with no religious affiliation or less than higher education, first-time testers and late re-testers (previous test more than a year ago), MSM and FSW, and clients with current STI symptoms. Of note, FTT and late retesting encounters were about twice as likely to result in a new diagnosis compared to on-time retesting encounters. Encounters among clients with primary or no education were 1.7 times more likely to result in a new diagnosis, compared to those among clients with higher education, while those among clients with secondary education had 1.5 times more likelihood.
Factors associated with new HIV diagnosis
Encounters where a new diagnosis was less likely to be made were among clients under 35 years, those who were never married, and GP men.
Discussion
Analysis of 12-year data from volunteer counselling and testing centres in Kilifi county, Kenya, revealed a decline in first-time testing (never tested before) among GP men, GP women, GP women 18-24 years, and FSW; suggesting increasing coverage of HIV testing in the county, in line with national trends 5 . Among MSM, however, no significant change in FTT was observed; the Derived from gender of sex partners and report of transactional sex in past six months. These two variables were collected from 2010 onwards. All test encounters before 2010 (all Kilifi-based) were categorized as GP. 3 Any report of urethritis, dysuria, vaginal discharge, genital sore, or proctitis. As these variables were only collected from 2010 onwards, data were missing for 2,603 test encounters. prevalence of FTT encounters in the final year assessed (2017) was 41% (compared to 14% in GP and 8% in FSW). We also found an overall decline -albeit more modest -in prevalence of late retesting, but this remained, in absolute terms, much higher among KP compared to GP. Annual retesting coverage in GP was 72% in 2017, which signals a population-level increase from the 2012 estimate of 55% 6 . On the other hand, less than 20% of KP in the current study were retesting quarterly.
FTT encounters were more common among men (both GP men and MSM), people of younger age (18-24 years) , those never married, and those with lower educational attainment. Late retesting was less common among persons who were never married, those with secondary education, those professing Muslim or no religious affiliation, those who tested in the later period (2015-2017), and those who had current STI symptoms. On the other hand, new diagnoses were more likely to result from encounters among first-time and late re-testers, compared to on-time re-testers. Therefore, an HIV testing strategy targeting these sub-groups could contribute significantly to the achievement of the 90% diagnosis target in the county and other similar settings.
HIV positivity declined among GP men and women, remained unchanged in MSM, and tended to increase among FSW. The increase in positivity among FSW may have been due to a high prevalence of FTT among FSW in one location (Malindi, data not shown). While MSM-focused community-based organizations were active in the area, there were limited services targeting FSW 26 . The KWTRP VCT centre initially focused on MSM and did not expand to target FSW until 2015 27 .
The low uptake of quarterly retesting and continuing transmission among MSM and FSW may be due to stigmatizing attitudes of healthcare workers, discrimination, and concerns about confidentiality; factors that have been shown to decrease access to health services [28] [29] [30] . These key populations are being targeted for pre-exposure prophylaxis (PrEP), which was launched in Kenya in 2017. PrEP implementation guidelines recommend quarterly HIV testing for all users, including GP and KP 31 . Our findings suggest that PrEP users will likely need intense engagement and tailored support services in order to adhere to the recommended retesting frequency.
Low educational attainment was associated not only with low testing coverage, but also higher HIV positivity. Testing encounters among clients with primary or no education were 1.7 times more likely to result in a new diagnosis, compared to those among clients with higher education, while those among clients with secondary education had 1.5 times the likelihood. This suggests that HIV prevention programmes are insufficiently reaching those with low educational attainment. School enrolment and retention in Kilifi county is hindered by unemployment, underage sex, early childhood marriages and sex tourism 17, 18 . Initiatives to address youth unemployment and school dropout are being implemented 17, 32 , and this may have an impact on access to HIV prevention services. Improving knowledge of HIV transmission among young people is crucial in empowering them to protect themselves from HIV infection and to increase awareness about the benefits of HIV testing 33 .
In Kenya and other similar settings, adolescents and young women 15-24 years are disproportionately affected by HIV 34 .
In 2017, this sub-population accounted for more than a third of all new adult HIV infections in Kenya 2,5 ; HIV prevalence in this group was estimated at 2.6% 2,5 . In the present study, HIV positivity in young women 18-24 years was 2.7% in 2017. Initiatives that tackle social determinants of HIV risk in this vulnerable group, such as poverty, gender inequality, and sexual violence are needed [35] [36] [37] . However, resources to implement such initiatives may be limited since Kilifi is categorized as a medium priority county for HIV prevention and care. Less donor-dependent interventions, such as sex education at primary and secondary schools, will be crucial. Having current STI symptoms was associated with a near doubling of HIV positivity, reinforcing the need for integrated sexual reproductive health services that include screening, diagnosis and treatment for STIs 38 .
Our findings suggest unequal delivery of HIV prevention services across the county. Testing coverage and HIV positivity varied by town, with Malindi having the lowest testing coverage and highest positivity. Malindi is more geographically This study demonstrates the usefulness of rigorous analysis of routine VCT data for targeting programming at a county level 39 . Currently, test data collected at various testing facilities are reported to county headquarters only in summary form, combining data from VCT centres and other testing points such as provider-initiated testing in outpatient and antenatal clinics; the data is also not disaggregated by risk groups. Our findings also show that additional socio-demographic, sexual behaviour, and testing history data can be useful in identifying subpopulations to target with HIV prevention and care services.
Our study had a number of limitations. First, the data capture system did not track individual testers longitudinally, limiting our ability to analyse individual testing practices over time. As one individual's multiple retesting episodes were counted as individual encounters, this may have biased our modelling. Second, although we excluded clients mobilized through outreach activities, some of the clients registered as walk-in may have been influenced indirectly by outreach activities, hence the sample used may not be wholly representative of the walk-in VCT clientele. Third, the three VCT centres included in the study are close to KWTRP research clinics, hence clients may not be representative of the whole VCT clientele in the county. Fourth, our dataset lacked information on sexual behaviour prior to 2010, limiting our ability to describe trends by risk group in that period. Lastly, although we describe higher HIV positivity and retesting coverage among those with no religious affiliation, our data did not have enough information to enable us to hypothesize the mechanisms underlying these associations or to make related recommendations.
Conclusions
Our study showed that in Kilifi county, which has among the lowest educational attainment in the country, undiagnosed HIV is most common among first-time testers, persons who test less than annually, key populations, and persons with lower educational attainment. While testing coverage increased over time, there is an urgent need to implement non-stigmatizing, accessible HIV testing programs for key populations, populations with low testing rates, and individuals with lower educational attainment, in order to achieve the 90% diagnosis target set for the county. This project contains the following extended data: - Supplementary Table 1 . Number of test encounters excluded from the analysis and HIV positivity for each exclusion category.
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